The Tipula abdominalis larval hindgut microbial community presumably facilitates digestion of the lignocellulosic diet. The microbial community was investigated through characterization of bacterial isolates and analysis of 16S rRNA gene clone libraries. This initial study revealed novel bacteria and provides a framework for future studies of this symbiosis.
Insects are the largest taxonomic group of animals on earth. Although a few thorough studies have shown that insects host an environment with high microbial diversity (3-5, 9, 11, 17, 24) , less than 1% of described insect species have been examined for microorganisms (10) . Tipula abdominalis is an aquatic crane fly ubiquitous in aquatic riparian environments. T. abdominalis larvae are shredders, a functional feeding group of insects that consume coarse particulate organic matter, primarily leaf litter. In small riparian stream ecosystems, leaf litter comprises the majority of carbon and energy inputs (26) ; however, many organisms are unable to degrade this lignocellulosic material, which is difficult to digest due to highly structured plant polysaccharide polymers (cellulose, hemicellulose, and lignin) and which has low nutritional value due to a high C/N ratio (15) . By converting lignocellulose into a form that other organisms can use, T. abdominalis larvae influence the bioavailability of carbon and energy within the ecosystem.
The larva itself is not capable of tissue-level synthesis of cellulolytic enzymes (22) , and it was proposed that the larvae benefit nutritionally from microbially mediated digestion of leaf lignocellulose, providing simple fermentation products which can be used by the larvae (13) . Scanning electron microscopy studies demonstrated a dense and morphologically diverse microbial community in the hindgut of T. abdominalis larvae (12) . This microbial community was investigated for phylogenetic diversity and enzymatic activity towards model plant polymer substrates.
Larva collection and dissection. Larvae were collected from 2nd-order streams (26) in Michigan. Hindguts were extracted and transferred to a reduced buffered salt solution (BSS) (14) .
Whole hindguts were homogenized in 1 ml BSS. Alternatively, loosely associated microorganisms were removed by vigorous vortex washing (three times) of the hindgut wall in BSS. Washed hindgut walls were homogenized in 1 ml BSS.
Bacterial isolation and characterization. Gut homogenates were serially diluted and plated onto tryptic soy agar (Difco) and R2 agar (18) and incubated for up to 3 weeks at 22°C. Colonies were subcultured until pure cultures were obtained. Sequencing of the 16S rRNA genes from the cultured isolates was performed at MIDI Labs (Newark, DE). Fifty-nine isolates represented four classes (Fig. 1 ). Fifteen and 19 isolates had Յ97% and 100% 16S rRNA gene sequence similarity, respectively, to known organisms in databases.
Isolates were screened for different enzymatic activities (hydrolysis of substrate) on the following model substrates as described previously: carboxymethylcellulose (CMC) (27) ; starch (Difco 272100); xylan (16); polygalacturonate (PGA) (23) ; and methylumbelliferyl conjugates of cellobiopyranoside (MUC), arabinofuranoside (MUA), glucoside (MUG), mannopyranoside (MUM), and xyloside (MUX) (20) . Five (8.5%) isolates could hydrolyze all model substrates used in the current study, and 35 (60%) isolates could hydrolyze one or more of them. Isolates capable of degrading the methylumbelliferyl conjugates demonstrate enzymatic activity for degrading plant carbohydrate polymer ends produced by partial digestion of lignocellulose and may assist the digestion of leaf litter in the T. abdominalis larval hindgut.
Five groups of isolates had identical partial 16S rRNA gene sequences, but different enzymatic activities towards the study model substrates (Table 1 ). All five groups had high (Ͼ97%) (21) and purified using Sephadex G-200 spin columns (25) . 16S rRNA genes were amplified from purified community genomic DNA using bacterial domain forward primer 27F (5Ј-AGAGTTTGATCMTGGCTCAG) and universal reverse primer 1492R (5Ј-GGTTACCTTGTTACGA CTT) with puReTaq Ready-To-Go PCR beads (Amersham Biosciences). Each PCR began at 94°C for 3.5 min, followed by 15 cycles of 94°C for 1 min, 62°C for 1 min, and 72°C for 1 min, and finishing with 4 min at 72°C. Fifteen-cycle PCR products were cloned directly into the vector for library construction. Clone libraries were generated using a TOPO TA cloning kit (Invitrogen, Carlsbad, CA). The anterior hindguts of two larvae were pooled to construct one library (library 1), and one library was constructed per hindgut for libraries 2, 3, and 4. Clones were sequenced at Iowa State University's DNA Sequencing Facility (Ames, IA).
Clone sequences were analyzed for chimeras using Greengenes software tools (7, 8) . DOTUR was used to determine the similarity of the clones to one another at various sequence similarities, as well as to calculate diversity indices (19) . Diversity indices approached the maximum for all libraries. Coverage values for all libraries were greater than 0.5, indicating that the most prevalent phylogenetic groups had been sampled ( Table 2 ). The percentage of sequence similarity to previously reported sequences was determined by comparing the 16S rRNA gene sequences to the RDP database (6) using the program RDPquery, version 2.5 (http://simo.marsci.uga.edu /public_db/rdp_query.htm). From 305 clones, 122 operational taxonomic units (OTUs) sharing Ն97% sequence similarity (OTU 0.97 ) were identified, representing 9 classes (Fig. 1) . The majority of clones had highest sequence similarity to Clostridia and Bacteroidetes, representing 65% and 19% of the total clones, respectively. Clones were compared to one another, as well as to previously described uncultured and cultured bacteria, at various percent sequence similarities. Clones were more similar to one another than to previously described sequences and more similar to uncultured than cultured bacteria (Fig. 2) . At Ն97% sequence similarity, 80% of clones were similar to another clone from this collection, while only 8% and 2% were similar to previously described uncultured and cultured bacteria, respectively.
In summary, our data indicate that the hindgut bacterial community is phylogenetically diverse. Many of the members are more related to one another than to previously described bacteria. Isolates demonstrated enzymatic activities that are physiologically relevant to the hindgut environment and digestion of a lignocellulosic diet. While these isolates demonstrate the ability to degrade model plant polymers, it will be important in future studies to link the isolate activity in vitro with function in vivo in the larval gut. Leaf litter degradation by shredders is an important component of the stream ecosystem, and those insects consuming lignocellulose-rich diets have developed numerous mechanisms for surviving on a nutrientpoor resource. One mechanism employed is the establishment of a gut microbial consortium capable of lignocellulose degradation, and identification of microorganisms with such capabilities is essential to understanding carbon and energy cycling in stream environments.
Nucleotide sequence accession numbers. Isolate 16S rRNA gene sequences were submitted to GenBank (1) under accession no. AY504427 to AY504477 and AY497196 to AY497203. For clones, one sequence per OTU 0.99 was submitted under accession no. EF176774 to EF176920. 
